For our current study, we reviewed the patients' preand postoperative medical records kept at the University Hospital. Additionally, we reviewed the subsequent regular assessments performed between the time of surgery and the beginning of the study, which were kindly provided by the patients' own clinicians from the various hospitals, health care centers, and nursing homes of the referral area. We gathered and studied all available medical records written by neurologists, geriatricians, family doctors, internists, nursing home staff, and other health practitioners who had been, or still are, involved in the care of these patients. Furthermore, we were able to assess five of the patients personally.
In the evaluations the various symptoms of the patients beginning in the preoperative period were assessed, with emphasis on the symptoms that had once required the performance of pallidotomy. Because no formal assessment based on the UPDRS was conducted either pre-or postoperatively, we tried to rate the severity of the symptoms on the side contralateral to pallidotomy in the same way as in the original publication from 1992. 11 That is, we extracted from the gathered reports whether the symptoms were nil or slight, moderate, or severe. We considered the following appendicular symptoms: tremor, rigidity, hypokinesia, dystonia and pain, and hyperkinesia. Additionally, gait, balance, and speech were rated in the same way. We also evaluated changes in the mental and social conditions of the patients during the follow-up period, as well as changes in medications between the immediate preoperative period and the latest follow-up review. Finally, we reviewed other surgeries for PD that the patients may have undergone after their first pallidotomy, as well as changes in the patients' health situation with respect to other diseases unrelated to PD. Whenever statistical analysis was appropriate, the Wilcoxon signed-rank test was used. The significance level was set at a probability value of less than 0.05.
Results
The surgical complications after PVP were listed by Laitinen, et al., 11 for the whole group of patients. In the subgroup analyzed in the current study, the complications of pallidotomy were as follows: two patients had permanent scotoma (in one of them the scotoma was discrete and did not interfere with reading or driving a car); and two patients, both of whom had undergone a previous malplaced thalamotomy contralateral to the PVP, had dysphonia and dysphagia, respectively. After early recurrence of symptoms, two patients underwent a repeated pallidotomy on the same side at 4 and 9 months, respectively, after the first surgery.
The follow-up period after PVP ranged from 3 to 13.5 years (10.5 Ϯ 2.8 years, mean Ϯ SD). Four patients included in the assessment died 3 to 12 years after surgery: two were women who died of pneumonia at the ages of 67 and 75 years, respectively, 10 and 3 years postsurgery. The other two were men, one of whom died of stroke and one of heart failure at the ages of 79 and 71 years, respectively, 7 and 12 years postsurgery. Table 1 shows the age, disease duration, and Hoehn and Yahr staging of the patients (in off-medication status whenever possible) before pallidotomy and at the last follow-up review.
After 1990, three of the patients underwent five additional operations for their PD as follows: one patient who had undergone a right PVP in 1986 underwent a left PVP 6 years later and a left thalamic DBS 9 years later. Another patient who had a right PVP in 1990 underwent a right thalamotomy 1 year later and a left thalamic DBS 3 years later. Finally, one patient underwent a right thalamic DBS 11 years after a right PVP. Table 2 shows the severity ratings of the appendicular symptoms of the patients pre-and postoperatively on the side contralateral to the 15 pallidotomies performed between 1985 and 1990 . Additionally, the table shows the rated severity of gait, balance, and speech disturbances. Table 3 shows the levodopa-equivalent doses 4 as well as other PD-related medications in use preoperatively and at the last follow-up evaluation. Table 4 shows the changes in mental and social status of the patients between the preoperative period and the last follow up.
During the years after the initial pallidotomy, several of our patients have suffered from one or more illnesses other than PD, such as stroke, epilepsy, asthma, cardiac failure, arthrosis, glaucoma, and/or vitamin B12 deficiency. Table 5 presents a comprehensive survey of the clinical, surgical, mental, and social situations of our patients from the preoperative period until the last follow-up evaluation. Of the five patients who had only one surgery (that is, one pallidotomy) for their PD, one was dead, one lived at home, and three were in nursing homes. Of the eight patients who had two or more surgical interventions for their
Ten-year follow up of patients with posteroventral pallidotomy 553 PD, three were dead, one was in a nursing home, and four lived at home. Figure 1 shows the staged pallidotomies of the patient in Case 3 as they appeared on MR images 7 years after the second surgery.
Discussion
The patients analyzed in this study were those who had undergone PVP between January 1985 and December 1990. These pioneering patients were included in the paper by Laitinen, et al., 11 which reintroduced Leksell's PVP for the treatment of PD. All patients had been referred by a neurologist or a neurogeriatrician. They had verified levodopa-responsive PD, except in one patient who did not tolerate levodopa before surgery but did afterward (Case 12; Table 5 ). The symptoms for which surgery was required were genuine PD symptoms such as resting tremor, akinesia, rigidity, off dystonia, and gait difficulties. Only six of the 13 patients had more or less severe DID before pallidotomy (Table 5 ). The earlier PVP of Leksell that was described in detail in the paper of Svennilson, et al., 18 did not show any effect of the surgery on DID for the simple reason that levodopa therapy was not available at that time. Hence, the presence or absence of DID preoperatively was not relevant in the selection of our first patients for pallidotomy.
Because MR imaging was not available at our hospital between 1985 and 1990, the patients underwent operation with the aid of stereotactic computerized tomography scanning for determination of the target coordinates. 11 The anatomical target coordinates were copied from the experience of Leksell, as reported by Svennilson, et al. 18 The high proportion of scotomas that resulted from our early pallidotomies may have been caused by our use of computerized tomography scanning for target assessment and of course our learning curve.
Long-Term Outcome of PVP
In the majority of the many studies on pallidotomy that have been published after the seminal paper of Laitinen, et al., 11 a follow-up period of 3 months to 1 year has been reported. Follow-up studies that go beyond 1 year are very few, 3, 5, 6, 13, 16, 17 and their results are in disagreement with respect to the duration of benefit following PVP. Some of the authors who have been very active in performing and assessing PVP have expressed valid doubts regarding whether PVP would last as a surgical modality for advanced PD. In fact, Lozano 15 wrote recently: "If it is true that history repeats itself, then the longevity of pallidotomy is uncertain. The first time around, the procedure lasted approximately a decade, from 1950 to 1960. It will be interesting to see how this procedure fares this time around." In another recent comment, Bakay 2 wrote: "There are almost no published data regarding what the effectiveness is going to be 5 or 10 years after surgery."
Our present survey originated from our need to know to what extent PVP was efficient in the very long run in surgical patients with PD whose disease is by definition advanced, bilateral, and progressive. We were aware that the relatively small number of patients would not allow definite conclusions. On the other hand, the available long-term studies on pallidotomy did not include a large number of patients either, and none of these studies encompassed follow-up periods longer than 5 years. 3, 5, 6, 16 We were also aware of the difficulties inherent in a very longterm follow up of surgery for PD, which include the following: the heterogeneity of the patients, the progressive character of the disease, the relatively advanced age of the patients, and the presence of other illnesses that are not uncommon in older individuals, all of which would undoubtedly interfere with a proper long-term assessment of a procedure such as pallidotomy. Furthermore, the fact that several patients had undergone thalamotomy before pallidotomy, and the fact that some needed additional surgery for PD in the years following their pallidotomy underscored the heterogeneity of the patient group and the progressive nature of their disease. Finally, we were aware that pallidotomy was merely a procedure performed at a certain stage of the patient's disease, and that the evaluation of its long-term results would certainly be affected by his or her general health.
Therefore, we aimed at reviewing not only the evolution of the particular symptoms of the patients postsurgery, but also the evolution of their general health and social conditions. For this, we gathered and studied all available records from hospitals, clinics, and other institutions in which these patients had received or still receive care since their pallidotomy. Most of the clinicians who provided us with the documents for this study had not been involved in the initial referrals of patients for surgery, and we may therefore assume that they would be unbiased toward the procedure. Besides, in the 1980s none of our patients had been referred specifically for pallidotomy but for surgical treatment, which at that time (1985- 1990) was synonymous with thalamotomy. In fact, the common symptom that all our patients shared at the time of their referral was tremor (Table 5 ). However, because all patients also had other symptoms, and because several of them had undergone a more or less successful thalamotomy before 1985, Leksell's PVP was performed. Between 1985 and 1990, no formal scoring according to the UPDRS was used, and the UPDRS, which was first published in 1987, had never been used in surgical trials. In the paper of Laitinen, et al., 11 the effects of PVP on the various symptoms were expressed qualitatively. Based on the subsequent detailed clinical reports on the patients, we tried to mimic the presentation of the results published in 1992 by classifying the symptoms in one of three severity groups (Table 2 ). This was not always easy because the records did not always disclose in detail all the PD symptoms in all the patients, including severity or sidedness. However, because each patient had made many visits to their clinicians over the years, there were plenty of data to be found in the records that enabled us to estimate the severity of the symptoms. However, in some cases symptomatic details remained unclear. Therefore, direct contact was made in such situations, either with the patient or the patient's clinician, or with the nurse at the nursing home.
Additionally, five patients (Cases 1-3, 11, and 13; Table  5 ) were seen and assessed by us 7 to 13 years after their pallidotomies.
Need for Several Surgical Procedures in Advanced PD
In several patients, unilateral pallidotomy was not enough to provide sustained control of symptoms. Five of our patients had undergone a thalamotomy before the first pallidotomy, as reported in the original paper by Laitinen, et al. 11 Additionally, bilateral staged pallidotomies were performed in two patients between 1985 and 1990. One of these patients developed speech difficulties (Case 6; Table  5 ), whereas the other (Case 3) did not; the latter remained professionally active for some years after the bilateral operations and is still independent and living at home. After 1990, one other patient underwent a contralateral pallidotomy followed by a Vim thalamic DBS on that side (Case 1; Table 5 ), one patient had an ipsilateral thalamotomy, followed by a contralateral Vim DBS (Case 2; Table  5 ), and one patient had an ipsilateral Vim DBS 11 years after her pallidotomy, because of recurrence of tremor (Case 12; Table 5 ). These three patients are still living at home and are mostly independent.
Neither pallidotomy alone nor pallidotomy associated with other surgeries for PD stopped the progression of this disease in our patients. In particular, axial symptoms affecting gait, balance, and speech continued to progress. Hoehn and Yahr staging showed an inexorable deterioration during the follow-up period (Table 1) . It is interesting to note that despite the significant increase in dopaminergic doses during the follow-up period, patients who suffered from dyskinesias before surgery remained free of this symptom on the side contralateral to pallidotomy. Furthermore, the patients who did not have dyskinesias before surgery did not develop them later on the side contralateral to pallidotomy, despite significant increases in dopaminergic medications. The doses of these medications had been even higher in many patients during several years after surgery, but before the latest follow-up. However, the dopaminergic doses eventually had to be reduced in several patients because of hallucinations and other cognitive problems.
The mental condition of several patients deteriorated during the follow-up period (Table 4) ; depression, hallucination, and dementia were not uncommon. Dementia in particular necessitated the transfer of several patients from their own homes to a nursing home. It is interesting to note that there were more patients who were demented or in nursing homes among those who only underwent one pallidotomy for their PD than among patients who had two or more surgeries: at the last follow-up review, among the five patients who had undergone only one surgery for their PD, one was dead, three were in nursing homes, and one lived at home. Among the eight patients who had undergone two or more surgeries for their PD, three were dead, one was in a nursing home, and four lived at home.
In analyzing the general health status of our patients several years after pallidotomy, it was evident that many of them were suffering from illnesses other than PD, which undoubtedly contributed to their disabilities. Hip arthrosis, pulmonary diseases, heart failure, and stroke were not uncommon, as may be expected in an agematched population without PD. The patients who died during the follow-up period succumbed to pneumonia, heart failure, or stroke, and at relatively advanced ages.
Pallidotomy or STN Stimulation?
Our survey showed that most of our patients who underwent surgery between 1985 and 1990 undoubtedly enjoyed a clear and long-lasting symptomatic benefit from pallidotomy, despite our inexperience with this procedure at that time. In some patients, another pallidotomy and/or surgery on the thalamus was needed to control the remaining contralateral or ipsilateral symptoms. Today, it may be more modern and perhaps more appropriate to treat similar patients by performing bilateral DBS on the STN.
14 Bilateral DBS on the STN seems to be more efficient than unilateral pallidotomy for akinesia, freezing of gait, and some of the axial symptoms of PD. However, this procedure "requires intensive postoperative adjustments and lifelong maintenance." 8 The long-term results of this relatively new procedure are not yet known. 7 For patients with advanced PD who cannot afford DBS on the STN or for patients who cannot comply-for geographical or other reasons-with the need for frequent and laborious follow up after the procedure, Leksell's PVP, as revived by Laitinen, et al., may be offered. In fact, PVP, if used as a complement to optimal dopaminergic medication, remains a safe, relatively simple, and rather efficient surgical procedure for the treatment of several PD symptoms, even in the medium to long term.
Conclusions

1)
In the long run, pallidotomy's effect is very consistent on contralateral dyskinesias, moderately efficient for tremor, variable for rigidity and dystonia, and discrete for hypokinesia. 2) Pallidotomy is very effective as a therapy for, and as prophylaxis against, levodopa-induced contralateral limb dyskinesias. 3) Unilateral pallidotomy does not stop the progression of PD. At best, it may delay the progression of contralateral symptoms. 4) In the long run, unilateral pallidotomy is not enough in advanced, bilateral, and multisymptomatic PD. Additional, mainly contralateral surgical procedures may be required for control of symptoms. 5) Progression of axial symptoms affecting balance, gait, and speech is not controlled by pallidotomy, even when bilateral, and even when combined with thalamic DBS. 6) The overall disability of elderly patients with PD is not related solely to impairment of motor functions but also to cognitive decline, as well as to other concomitant chronic illnesses.
